As the use of fecal microbiota transplantation (FMT) has gained momentum, an increasing need for continuous access to healthy feces donors has developed. Blood donors constitute a healthy subset of the general population and may serve as an appropriate group for recruitment. In this study, we investigated the suitability of blood donors as feces donors. In a prospective cohort study, we recruited blood donors onsite at a public Danish blood bank. Following their consent, the blood donors underwent a stepwise screening process: First, blood donors completed an electronic prescreening questionnaire to rule out predisposing risk factors. Second, eligible blood donors had blood and fecal samples examined. Of 155 blood donors asked to participate, 137 (88%) completed the electronic pre-screening questionnaire, 16 declined, and 2 were excluded. Of the 137 donors who completed the questionnaire, 79 (58%) were excluded mainly due to having an allergy, being overweight, or presenting gastrointestinal complaints. Among the remaining 58 (37%) donors, complete blood and feces screenings were obtained from 46 (79%). Of these 46 donors, 15 (33%) were excluded primarily due to abnormal blood results or the presence of apathogenic intestinal parasites. Overall, 31 (20%; 95% confidence interval 14-27%) of the 155 blood donors qualified as feces donors. In conclusion, blood donors constitute a suitable and motivated population for a continuous recruitment of voluntary feces donors. We found that a stepwise recruitment procedure was feasible and that 20% of the blood donors were eligible for feces donation.
Introduction
Fecal microbiota transplantation (FMT) has emerged as a therapeutic option to treat diseases linked to a disturbed or depleted intestinal microbiome. Currently, FMT is a recommended and highly efficacious treatment for recurrent Clostridium difficile infections (RCDI), 1, 2 and promising results from previous studies indicate that FMT may have beneficial effects in diseases such as ulcerative colitis (UC), irritable bowel syndrome (IBS), and systemic infections with antibiotic-resistant bacteria (ARB). [3] [4] [5] [6] An essential component of a functional FMT service is the access to a continuous supply of healthy donor feces. In this regard, both a strict donor selection and an efficient donor recruitment practice are both central components, 7 but practical aspects challenge their implementation. 8 First, a screening program that minimizes the risk of transferring infectious and non-infectious diseases must be implemented. Detailed screening protocols have been published, 7, [9] [10] [11] but the work required for their implementation is extensive; moreover, despite a scientific consensus for this vigorous screening, 12, 13 the evidence supporting the screening protocols remains low. Second, as FMT gains momentum, an inherent need for recruiting enough potential feces donors evolves. However, current methods for recruiting new donors lack reproducibility. 14 Few previous studies addressed how to perform a standardized donor recruitment in clinical practice.
In studies that advertised study recruitment to the local community, only 6-10% of the volunteers were able to meet all screening criteria. 7, 14, 15 This makes sustaining FMT a time-consuming process and calls for methods to identify eligible donors with a high probability of passing the screening tests. Blood donors represent an ideal, healthy subset of the general population because donating blood requires them to meet strict health and lifestyle criteria that are similar to those applied to feces donors. 16, 17 In this study, we report our experience using a standardized protocol for recruiting feces donors among a population of voluntary and non-remunerated blood donors. We further relate the willingness and the screening outcome to the potential of blood donors to serve as feces donors.
Results

Study population
A systematic recruitment of feces donors among a blood donor population was carried out from March to December 2016. A total of 155 blood donors were asked to participate in the study (Fig. 1) . Sixteen (10%, 95% CI: 6%-16%) of the 155 blood donors declined participation, and two (1% (0.2-5.0%)) were disqualified because of blood donation-related complications or early unrelated discontinuation of the blood donation.
Outcome of the pre-screening questionnaire and blood donor characteristics Among the 155 blood donors asked to participate in the study, 137 (88% (82%-93%)) consented and were enrolled in the electronic pre-screening. Of these 137 blood donors, 79 (58% (49%-66%)) were excluded mainly due to either having an allergy, a high body mass index (BMI), or excluding GI symptoms (Fig. 1) . Five donors reported having had bloody stools within the past 4 weeks in the GI symptoms assessment, and two had clinical signs of depression. Two had high-risk behavior or a family history of predisposing risk factors. Overall, 22 (28% (18%-39%)) of the 79 excluded blood donors had more than one reason for exclusion.
Baseline characteristics of the donors are presented in Table 1 . Of the 137 blood donors who consented, 98 (72% (63%-79%)) were male and 39 (28% (21%-37%)) were female, all with a median age of 40 years (interquartile range (IQR): 32-48 years). The median BMI was 25.46 kg/m 2 (IQR: 23.7-27.7 kg/m 2 ). Most blood donors reported moderate to high physical activity levels and food frequency scores at 6 (IQR: 5-8), reflecting healthy dietary habits. The blood donors consumed alcohol regularly and 12 (9% (5%-15%)) smoked.
Outcome of blood and fecal screenings
In total, 58 (37% (30%-46%)) of the 155 donors had blood drawn and received a fecal screening kit for further screening. Of these, 52 (90% (79%-96%)) delivered fecal samples, which were tested within a median time of 9 days (IQR 7-9 days). Fifteen (26% (15%-39%)) donors were excluded because of a positive screening result in the blood or microbial screenings (Fig. 1 ). Donors were most frequently excluded due to either the presence of apathogenic parasites (four had Entamoeba coli, and one had Entamoeba dispar) or biochemical tests outside of the reference range. Two had an enteroaggregative or ESBL-producing strain of Escherichia coli, one had active adenovirus replication, and one had serological results consistent with acute cytomegalovirus (CMV) infection. Five (9% (3%-19%)) donors were rejected due to errors in the procedural handling that resulted in an incomplete screening. Six (10% (4%-21%)) donors did not ship the fecal sample and were considered lost to follow-up.
Overall, 31 (20% (14%-27%)) participants passed all the screenings to qualify as feces donors. Their characteristics are presented in Table 2 .
Approved versus rejected donors
Comparison of the baseline characteristics between rejected and enrolled feces donors showed no statistically significant differences, except for BMI, which was explained by a BMI above 28 kg/m 2 being an exclusion criterion (Table 2 ). Of the 31 approved donors, 24 (77% (59%-90%)) were male and 7 (23% (10%-41%)) were female. The median age of the qualified donors was 39 years, while the median age of rejected donors was 41 years (p D 0.87). We observed a statistically non-significant trend (p D 0.099) that blood donors who smoked had an increased likelihood of qualifying as feces donors.
Blood donors declining participation
Among the 155 blood donors asked for participation, 16 blood donors declined participation. Four (3% (0.7%-6%)) declined participation prior to receiving any information about the study. The most common reason for declining was that the blood donors found donating feces unappealing. When grouped by gender (Table 3) , women (p D 0.07) tended to decline participation more frequently due to finding donating feces unappealing (p D 0.07).
Discussion
In this study, we consecutively recruited feces donors among a cohort of blood donors and found that 20% of all blood donors asked to participate passed all fecal screening tests. We found that a stepwise screening approach was feasible and that utilizing the blood bank infrastructure provided a reproducible recruitment basis to meet the continuous need of an FMT service for qualified feces donors.
Our finding of a 20% eligibility rate is high compared with the overall 6-10% rates reported by other studies. 7, 14, 15, 18 Still, the recruitment of eligible feces donors remains challenging. Although blood donors represent a healthy subset of the general population, more than half of all included blood donors failed the initial pre-screening. The high exclusion rate in our study is similar to that reported by others, 14, 15 but unlike the previous studies, we excluded donors that presented any forms of allergy and lowered the upper BMI limit to 28 kg/m 2 to further reduce the risk of potential risk factors. 19 Correspondingly, including these parameters markedly increased our pre-screening exclusion rate. 14, 15 The high overall eligibility rate is mainly attributed to fewer donors failing the fecal screenings.
14,15 While differences in the recruitment processes between studies limits the comparability of the separate steps, the recruitment steps themselves may be an important factor in increasing the number of donors who pass the later screening steps. The electronic pre-screening in our stepwise screening process rapidly ensured that the donors fulfilled all inclusion criteria and were preliminarily assessed for any influential gastrointestinal symptoms before the blood and fecal screenings were conducted. In doing so, we found an unexpectedly high proportion of donors reporting gastrointestinal symptoms that led to exclusion. By excluding these donors using the questionnaires, we may have Table 1 . Baseline characteristics of 137 healthy blood donors enrolled in screening as potential feces donors and stratified by gender. Numbers with percentages or medians with interquartile ranges are presented. P-values measure the differences between the two groups. Abbreviations: IPAQ: International Physical Activity Questionnaire Ã Measured as exposure within the last year at the current smoking status. y One missing value in the reported alcohol intake and two incomplete responses in the food frequency questionnaire. Numbers with percentages. All values are derived from the total number of eligible candidates. P-values are derived using the chi-square test when the sample size n is > 5 and using Fisher's exact test when the smallest sample count n is < 5. Ã Gender-specific proportions were derived from the total number of eligible men (n D 108) or women (n D 47). y Measured according to the total number of participants who received information about the study, n D 152.
decreased the number of donors who would have failed the subsequent screenings. By applying this stepwise approach, we increased the overall cost-effectiveness of the donor recruitment system. Unlike the other donor recruitment studies, 14, 15 we actively recruited all our donors by addressing them in person. This method enabled us to assess both a more general perception of donating feces and, importantly, the characteristics of donors who declined participation. To our knowledge, this study is the first to describe persons who declined participation. Almost all blood donors consented to becoming feces donors despite knowing the potential practical implications of becoming long-term feces donors. This high willingness to participate contrasts with a previous report. 15 The difference may be partly explained by the highly altruistic nature of blood donors. 20 Among the few who declined participation, however, we found that female blood donors tended to be more likely to decline because they found donating feces unappealing. Large-scale recruitment efforts are still needed to determine the exact perception among the declining donors; however, if this tendency to decline among women holds true, then future donor might need to recognize this tendency in the program design.
Blood donors constitute a highly selective population associated with certain characteristics. Men give more blood donations than women because male donors are more likely to meet the minimum hemoglobin and weight criteria to donate blood. 16, 21 Blood donors are also less likely to be vegans or smokers, but they eat meat and consume alcohol regularly. 16, 21 Accordingly, blood donors may therefore be expected to have an increased rate of exclusion due to high body weight. The characteristics of included donors in our study did not differ from those reported in the large-scale blood donor cohort studies, except that our study had an increased male ratio. Almost two-thirds of all our participants were male, and this high ratio may in part be due to male donors being booked more frequently due to the above mentioned criteria to donate. 21 Besides an expected lower BMI, we did not find that the screening procedures favored certain baseline characteristics between the rejected and qualified donors.
Attention should be given to the required resources for managing the 80% who are excluded during each step of the screening process. Specifically, 36 blood donors reported gastrointestinal symptoms that required a medical evaluation. An FMT service should include medical expertise to help sort out incidental findings that may or may not have clinical relevance to the particular blood donor. We found counseling the rejected blood donors to be time-consuming and challenging.
The evidence supporting the specific parts of the donor screening program is still limited. Currently, the screening guidelines focus on minimizing the potential risk of harm to the recipient. Importantly, we identified blood donors who were colonized with resistant bacterial species including ESBL-producing E. coli. We therefore suggest that tests for these microorganisms are included in future FMT screening programs. We also found that donors who tested positive for intestinal pathogens harbored a variety of different asymptomatic viruses, bacteria, and parasites. Our most common finding in the fecal screening was Entamoeba coli, and despite its apathogenic nature, donors who tested positive were excluded as a precaution. Notably, controversy exists to whether certain protozoa such as Blastocystis species may be more prevalent in healthy individuals and linked to certain beneficial health indices. 22, 23 For now, however, our data are consistent with the findings of diverse pathogens reported by others 14, 15 and support the current broad-spectrum screening approach for pathogens.
Most of our donors were excluded due to the presence of risk factors that are potentially transmittable. The causality underlying this still needs to be determined, and to date, only a few case reports have linked potential donor-dependent hazards to an adverse FMT outcome. In two isolated incidences, pronounced weight gain and the development of IBS-like symptoms following FMTs were reported. 24, 25 In an extensive case series, 31 patients had received feces from a donor who later developed Crohn's disease. 26 Fortunately, none of the patients developed clinical sequelae nor microbial signatures of inflammatory bowel disease (IBD). 26 Until causality and long-term effects of risk factors can be determined, the reasonable possibility of transfer warrants a cautious and rigorous donor screening with complete traceability of the donorrecipient route.
Standardizing the donor selection refines our future ability to evaluate different donors and the donorrecipient interaction. Systematically increasing the donor availability may also permit us to address how gut-microbiota-shaping factors, such as diet, lifestyle, and living environment, affect the clinical outcome and safety of FMT. 27 The study has limitations. First, it is a single-center experience with a limited number of participants to detect potential associations between the specific parameters of the screening program. Associations between certain characteristics and the screening outcome may therefore be plausible but not apparent. Second, a high proportion (10%, 5/51) of the donors were excluded during the blood and fecal screening process because of procedural errors. While this exclusion can be attributed to the novelty of establishing and integrating new procedures, it may underestimate the eligibility rate and distort the screening outcome. Finally, the general lack of uniformity in the design of the screening process between donor recruitment studies weakens the comparability to other recruitment experiences. While no studies have included microbiome analysis of the donor feces, this may prove crucial to the donor-recipient interaction in future studies.
In conclusion, we found that blood donors constitute a suitable, accessible, and motivated population for feces donor recruitment. The recruitment of feces donors among blood donors is associated with high donor eligibility and may serve as an efficient way to ensure a continuous flow of voluntary and unpaid feces donors. Challenges range from counseling blood donors who fail the screening tests, to adjusting the screening program, and to tailoring the donor material to the clinical situations where it is being used.
Methods
Study design and donors
This study was a single-center, prospective, observational cohort study. We consecutively recruited feces donors among a blood donor population to establish a cohort of healthy feces donors that could continuously support the needs of an FMT service. 19 The study was conducted at Aarhus University Hospital, Denmark, through a collaboration between the Department of Hepatology and Gastroenterology and the Central Danish Blood Centre at the Department of Clinical Immunology.
All blood donors were recruited onsite at the blood bank. Eligible blood donors were required to be 25-60 years of age and to have passed the initial blood donor screening tests required to donate blood. All eligible blood donors were identified from a daily list of the booked donors and were chosen consecutively to reduce the risk of selection bias. The booking list included the personal identification number, name, gender, and age. If a selected donor failed the blood donor screening on the day of donation or had previously been asked for participation, the next eligible donor was chosen instead.
The blood donors were approached in person and asked to participate during the time from the actual collection of blood to the subsequent resting period. Before entering the study, the blood donors were given oral and written information about FMT, the donation program, and the initial screenings to become a feces donor. All donors who declined participation were systematically interviewed for the reason for dismissal.
Once they consented, all willing blood donors were enrolled in a two-step screening process. First, they completed a self-administered, electronic pre-screening questionnaire to rapidly determine their suitability according to the screening protocols. In the second step, blood donors who met the criteria covered in the questionnaire then completed the remaining blood and fecal screenings. Blood was drawn onsite at the blood bank, and donors were provided with a fecal sampling kit (Easy Sampler Ò , GP Medical Devices, Denmark) and instructions to perform the fecal screening. The candidates were asked to collect a fecal sample at their next defecation at home and to ship the sample by mail immediately afterwards. The fecal samples were received and tested in accordance with a third-party agreement at a local Department of Microbiology.
To compensate for the time delay in delivering the fecal specimens, all test results had to be available no later than 30 days after inclusion for the screening to be valid. The donor was contacted by telephone after all blood and fecal screening results were assessed and made available. Donors who met all screening criteria and thus qualified as feces donors were booked for a medical consultation to formally enter the actual donation program for active feces donors.
Donor screening
Previous protocols 7,9-11 have established standards for the content of feces donor screening. We compiled these screening standards and adapted the content of our screening program accordingly (Fig. 2) . As a precautionary measure, we chose to lower the upper BMI limit to 28 kg/m 2 and exclude donors with any allergies. In terms of donor management, we extended the screening investigations to comply with the European Tissue and Cell Directive (EUTCD) regulatory standards. 19 To fit the content of the donor screening process into a standardized recruitment practice, the donor screenings were organized into three parts: 1) an electronic questionnaire, 2) blood screening, and 3) fecal screening.
The electronic questionnaire was designed to ascertain the inclusion criteria and to identify any exclusion criteria dictated by the screening protocols. (Fig. 2) To address a preliminary gastrointestinal medical assessment, we added an adapted version of a symptom questionnaire originally designed to systematically address gastrointestinal symptoms in patients referred for Helicobacter pylori breath tests. 28 (See supplementary file 1) To evaluate the mental state of the donors, we included the Beck Depression Inventory. 29 To characterize the lifestyle habits of potential donors, we added questions about smoking and alcohol use as well as two questionnaires about dietary practices and physical activity. Dietary practices were assessed using a short 8-item single-answer questionnaire validated for type 2 diabetic populations that scored the dietary practices from mostly healthy (0) to mostly unhealthy (16) . 30 Physical activity was addressed using the short version of the International Physical Activity Questionnaire (IPAQ), 31 which groups people into three activity categories (low, moderate or high) based on their reported energy expenditure.
The blood screening included biochemical, hematologic and serological testing to verify the health of donors based on a variety of parameters and to rule out the presence of titers to any transmittable diseases or excluding health traits (Fig. 2) . 7, [9] [10] [11] The fecal screening included assessing the presence of commonly known enteropathogenic bacteria, viruses and parasites (Fig. 2) . 7, [9] [10] [11] In addition, we screened for the presence of multi-resistant bacteria including extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae, vancomycin-resistant Enterococcus (VRE) species, carbapenem-resistant Pseudomonas aeruginosa, Acinetobacter and Enterobacteriaceae.
Statistical analysis
Statistical analysis was performed on the outcomes from the donor recruitment. When applicable, the outcomes and characteristics were stratified by gender and tested for difference. Numerical, non-parametric data were evaluated using Wilcoxon or Mann-Whitney tests. Continuous data are presented as medians with interquartile ranges (IQR), and categorical data are presented as percentages with exact 95% confidence intervals (CI) when reporting the overall study outcomes. Differences were evaluated using either a chi-square test or Fisher's exact test. Data missing from the baseline characteristics were excluded from the overall descriptive analysis, and incomplete screening results were treated as screening failures. Two-tailed p-values below 0.05 were considered statistically significant. All statistical analyses were performed using Stata/MP 13.0 for Windows (StataCorp LP, College Station, Texas, USA).
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